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CHAPTER I
INTRODUCTION
The Forest Service has a normative objective of managing our 
National Forests to attain the maximum flow of net benefits over time 
for the purpose of ensuring efficiency and optimality in the allocation 
of relatively scarce public resources. The achievement of this objec­
tive is quite difficult, given the nature of the National Forest re­
source —  a resource of several competing, incompatible, and mutually 
exclusive uses. Compounding the importance of sound decision-making in 
the allocative process is the fact of irreversibility of most of the 
resource development options. In recognition of this irreversibility, 
the Forest Service, commencing in 1967, inventoried all remaining 
National Forest roadless and undeveloped areas of 5,000 acres or more 
plus smaller areas contiguous to existing Wilderness and Primitive Areas 
in order to identify those additional areas that merited consideration 
for inclusion into the National Wilderness Preservation System. The 
chosen areas were to be called "New Study Areas".
On January 18, 1973 the Forest Service issued a Draft Environmental 
Statement concerning these inventoried roadless and undeveloped areas. 
Although deficient in regard to information concerning specific areas, 
the Statement included a very balanced and objective analysis of the
probable environmental impacts that would result from the management of 
the New Study Areas to preserve wilderness characteristics. It also in­
cluded a description of the procedure, used by an interdisciplinary team 
appointed by the Chief, in selecting proposed New Study Areas,
My immediate objective is to analyze critically and evaluate this 
procedure used in selecting New Study Areas ; the procedure is called the 
Roadless Area Review and Evaluation, Although this Roadless Area Review 
and Evaluation is both comprehensive and exhaustive in scope, nonetheless 
it contains significant shortcomings, notably in methods of resource 
valuation. Conspicuous is the absence of marginal analysis. Also, the 
degree of arbitrariness in selecting variables and determining magnitudes 
of these variables appears excessive, unscientific, unjustifiable, and 
unnecessary. An example of this is the treatment of road costs and bene­
fits in computation of timber values of Roadless Areas. In the Forest 
Service's formula, higher than average costs of road development are not 
fully discounted as costs; the effect is to increase the value of the 
total timber resource. Another example of this arbitrariness is in the 
choice of the fiscal years 1969-71 as the base period from which to com­
pute an assumed 2 percent compounded annual increase in the real value 
of stumpage, an assumption, incidentally, that appears a bit too facile 
considering the extreme variation in price changes among different species. 
The fiscal years 1969-71 were highly atypical for the timber market, 
having been characterized by unusual volatility in stumpage prices.
The Forest Service's valuation of the preservation alternative for the 
inventoried Roadless and Undeveloped Areas was also characterized by an
arbitrariness of doubtful justification. In compiling wilderness values 
the agency derived a Quality Index based upon scenic value, isolation 
potential, and variety. This Quality Index was multiplied by the gross 
acreage of the area in question to arrive at an Effectiveness Index, an 
index of value for preservation. The weakness of this method lies not 
so much in the arbitrariness and subjectivity involved in the choice of 
variables, but rather in the misguided arbitrariness and subjectivity 
with which a choice of relative magnitudes of variables was made. The 
relative magnitudes of the variables render gross acreage to be vastly 
more significant than quality in the determination of total preservation 
value. The distortion in value determination is compounded by the fact 
that size is also a factor in the Quality Index. Therefore, size is 
counted twice.
CHAPTER II 
THE ROADLESS AREA REVIEW AND EVALUATION
Objectives
The specific objectives of the Roadless Area Review and Evaluation 
were as follows:
"1. To compare alternative criteria for selecting New 
Study Areas of different total list sizes.
2. To provide estimates of the potential costs and 
benefits associated with the alternative lists of 
roadless areas recommended for further study.
In carrying out the analysis, the following five prin­
cipal objectives were analyzed and compared.
1. To obtain the most wilderness value relative to the 
cost and value of foregone opportunities to produce 
other goods and services for society.
2. To disperse the future wilderness system as widely
as possible over the United States.
3. To represent as many ecosystems as possible so as
to best serve the scientific and educational pur­
poses of wilderness preservation.
4. To obtain the most wilderness value with the least 
relative impact on the Nation's timber product 
output.
5. To locate some new wilderness areas closer to the
places where people live so that more people can 
directly enjoy their benefits.
The preceding objectives certainly reflect the often conflicting 
wants of the public. Objective one appears most worthy of consideration
^U.S. Department of Agriculture, Forest Service, Roadless and Un­
developed Areas, (mimeographed Draft Environmental Statement, January 
1973). P. 18-a, 19-a.
on the basis of economic criteria —  efficiency in the allocation of re­
sources. The second objective is a social one with little relevancy. It 
is an objective that is largely unattainable; potential wilderness land is 
presently so scarce as to preclude the luxury of dispersing it widely 
throughout the country. In fact, many wilderness advocates believe that 
no area east of the Mississippi River would qualify under the criteria set 
forth in the Wilderness Act. Objective three is a scientific objective 
of some merit. It takes into account non-recreation values of wilderness 
but is of less usefulness than objective one in determining optimum allo­
cation of resources. Objective four, as stated, is actually two mutually 
exclusive objectives. As such, objective four violates a fundamental 
principle of logic by simultaneously seeking to maximize (wilderness value) 
and minimize (impact on the Nation's timber product output). Even if it 
were restated as a maximization (of wilderness value) objective to conform 
to the rules of logic, it would be far narrower in scope than objective one 
and therefore far less satisfactory. If it were restated as a minimization 
(of foregone timber harvest) objective, it would potentially negate objec­
tive one.
The fifth objective is similar to the second. Its merit lies in its 
recognition of the demand factor for wilderness recreation.
The initial recommendations for New Study Areas were made by the 
nine Regional Foresters, following open meetings and other public parti­
cipation in the review process. The Chief, in an effort to evaluate the 
recommendations from a national perspective, directed an interdisciplinary 
team to compile and analyze data on the total inventory of roadless areas.
The Chief then selected, in December 1972, a proposed list of 235 New 
Study Areas comprising 11 million acres^ from a total of 1448 inven­
toried roadless areas comprising 56 million acres, based upon the ear­
lier recommendations of the Regional Foresters and upon the analysis of 
the interdisciplinary team.^
Determination of Preservation Values
The Roadless Area Review and Evaluation procedure was a method of 
quantifying variables for purposes of comparison and contrast. Relative, 
rather than absolute, magnitudes were considered salient. Essential to 
the review and evaluation procedure was the establishment of a Quality 
Index and Effectiveness Index, both designed to measure wilderness value; 
and the determination of total opportunity costs, designed to estimate 
values foregone by Wilderness classification. Assumptions upon which the 
analysis was built included the following: that all inventoried roadless
and undeveloped areas are suitable for wilderness classification; that 
availability is considered to be a comparison of estimated wilderness 
effectiveness relative to costs and the value of foregone commodity pro­
duction opportunities ; and that need is considered to be a component of
availability.4
The Quality Index was comprised of three factors, each rated on a 
scale of zero to twenty. The factors were: scenic quality, isolation
2Ibid, p. a-v.
^The inventoried roadless and undeveloped areas did not include the 
10.7 million acres of statutory Primitive Areas that existed at the time.
^Roadless and Undeveloped Areas. P. 20-a - 21-a.
potential (likely dispersion of visitors within an area to minimize con­
tacts) , and variety of wilderness experience and activities available in 
the area. Each factor was then weighted, the weights having been chosen 
on the basis of "national averages of those used by all field offices". 
Scenic quality was given a weight of "four", isolation "three", and var­
iety "three"
This yielded "a numerical rating between zero and 200 for comparing 
relative wilderness quality of roadless areas by Quality Index c l a s s e s " . ^  
The distribution pattern, as shown in Figure 1,^ appears somewhat skewed. 
"The areas recommended by Regional Foresters are also shown in Figure 1. 
The distribution pattern indicates that Regional Foresters tended to recom­
mend the higher quality areas but, obviously, quality was not the only 
consideration.
Figure 2 shows a comparison of quality ratings for existing Wilder­
ness and Primitive Areas to those of inventoried roadless areas.^
Although it is not explicitly stated in the Report, it probably 
should be assumed that the same field personnel who rated the inventoried
^Ibid, p. 21-a.
GIbid, p. 24-a.
^Figure 1 is reproduced directly from p. 22-a of Roadless and Un­
developed Areas.
^Roadless and Undeveloped Areas. P. 24-a.
^Figure 2 is reproduced directly from p. 23-a of Roadless and Un­
developed Areas. Discrepancies are apparent in the number of total in­
ventoried roadless areas assigned to respective Quality Index classes in 
Figure 1 as opposed to Figure 2. The discrepancies are most noticeable 
in the 30-40 and 190-200 classes. They are probably attributable to 
plotting errors.
Figure 1. Quality Index Histogram for all Inventoried
Areas and those Recommended by Regional 
Foresters
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roadless areas as shown in Figure 1 also rated the existing Wilderness 
and Primitive Areas (as shown in Figure 2) in their respective Regions 
or Districts.
The histograms in Figures 1 and 2 show a remarkably similar numeri­
cal quality rating between the New Study Areas recommended by Regional 
Foresters and existing Wilderness and Primitive Areas. Although the 
distribution of quality class is somewhat different, the average qual­
ity rating is identical.
The presentation of this empirical data seems to be useful means of 
showing comparative values. Although these quality ratings of all in­
ventoried areas. New Study Areas, and established Wilderness and Primi­
tive Areas are subjectively determined, the fact that at least within a 
District they are determined by the same individuals (I presume) and the 
fact that the total distribution of each is skewed in somewhat the same 
manner makes them an acceptable indicator of comparative quality.
The factors selected as variables in the Quality Index are neces­
sarily arbitrary and subjective, as are the numerical values and weights 
assigned to these factors. This, however, does not invalidate or render 
useless the rating system as a method for comparing relative recreation
^^Since no data from which the histograms were constructed was 
readily available, I calculated the averages by reading the data directly 
off the histograms themselves. I multiplied the class midpoints by num­
ber of cireas in the respective classes, and divided the sum of the pro­
ducts by the total number of areas considered. The average quality rating 
for recommended areas was 143.65; for established Wilderness and Primitive 
Areas, 143.55. My results may be imprecise, due to the difficulty of de­
termining numbers from a histogram of such small scale.
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quality of roadless and undeveloped areas. The imperfections,^^ in a 
broad perspective, appear inconsequential. I would have given more 
weight to scenic value and less to variety within a specific area (because 
variety exists between areas throughout National Forests), although the 
two factors are closely interrelated. However, my judgment is certainly 
no more worthy of being heeded than is the judgment of the individuals who 
devised the Index.
The one significant flaw of the Quality Index is its failure to mea­
sure any type of wilderness quality other than primitive-type recreation 
quality.
The Effectiveness Index is determined by taking the product of the 
Quality Index and the total gross acres of the Roadless Area under consid­
eration.^^ The total gross acreage of an area is assumed to be a good in­
dicator of carrying capacity, isolation potential, spaciousness, and total 
"volume" of wilderness; an assumption, incidentally, that is quite debatable
The weakness of the valuation system for wilderness lies not in the 
Quality Index, but in the Effectiveness Index. The relative magnitudes of 
the two variables in the Effectiveness Index render gross acreage to be 
vastly more significant than quality in the determination of total pre­
servation value. Multiplying a number such as that which designates the 
average quality rating for all inventoried areas, 95 (rounded); or the 
number designating the average quality rating for New Study Areas
^^An imperfection of some significance is that of transforming or­
dinal rankings to interval values. The approach is mathematically unsound, 
at the very least.
^^Roadless and Undeveloped Areas, p. 24-a.
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recommended by Regional Foresters, 144 (rounded); by a number of a mag­
nitude such as 35,000, the average size (rounded) of the recommended New 
Study Areas, has the effect of creating a value that is almost wholly a 
function of size.^^ The highest quality Roadless Areas of a relatively 
small size would be given a much lower rating on the Effectiveness Index 
than the lowest quality Roadless Areas of relatively large size. The dis­
tortion in value determination is compounded by the fact that size is also 
a factor in the Quality Index itself, size being the most significant ele­
ment of the isolation factor. Therefore, not only is size given a much 
higher value in the Effectiveness Index, but it is also counted twice.
If size were reduced in importance among the elements comprising the 
Quality Index, there is e/ery indication that comparative quality ratings 
would be considerably higher for New Study Areas recommended by Regional 
Foresters than for established areas within the National Wilderness Preser­
vation System. With gross acreage included as a significant factor in the 
Quality Index, the quality ratings were almost precisely identical. Con­
sidering that the average size of recommended areas was about 35,000 acres 
as contrasted to the 165,043 acre average size of existing National Forest 
Wilderness and Primitive Areas, one would be led to believe that average 
Quality Index ratings would be far from identical with the element of size 
reduced in importance. In fact, it is likely that many areas excluded from 
the New Study Area list would have a Quality Index rating comparable to or 
exceeding that of existing areas under the National Wilderness Preservation 
System.
l^The only data readily available on size was that of "average". The 
median figure was unobtainable from the Forest Service Statement.
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Probably, the perimeter or circumference of an area, the number of 
its access points, and the dispersion of its trails are all more signi­
ficant than gross acreage in determining isolation potential or wilder­
ness "effectiveness", cuiyway. These variables are not even mentioned.
Also, it is obvious that the value of size does not exist on a linear 
continuum. In the sense of recreation demand, successive incremental 
additions to the size of an area become less important as the area be­
comes larger. In another sense, these additions become more important, 
due to the fact that large areas have an increasing scarcity value. The 
concept of marginal increments of acreage added to a successively larger 
land base has been totally ignored.
Cost Indexes
Two alternative cost indexes were used in the analysis to determine 
availability of inventoried Roadless and Undeveloped areas for New Study 
Area designation. One index was simply an approximation of current allow­
able harvest foregone. It was chosen to give recognition to "the tighten­
ing of the Nation's timber supply situation and the problem of meeting 
housing g o a l s ( W h a t e v e r  they are.) The other was a more broadly based 
index incorporating both costs involved in establishing wilderness and se­
veral opportunities foregone. This index was labeled, "Total Opportunity 
Costs", a misnomer because the values of recreation, range, and wildlife 
were omitted due to lack of quantifiable data.^^ It would appear that
^^Roadless and Undeveloped Areas. p. 24-a. 
^^Ibid, p. 25-a.
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these opportunities foregone, for which there was insufficient data, 
should have been accounted for in some manner; they could at least have 
been given a nominal ordinal value of some sort.
The following cost components were summed under "Total Opportunity 
Costs":
"Budget costs for studies, establishment, operation 
and maintenance 
Extra private land acquisition costs 
Replacement of special-use improvements 
Mineral values
Water development potential values 
Timber values
The Opportunity Cost Index, although admittedly not inclusive, does 
provide a basis for comparing relative cost difference among Roadless 
Areas. The methods of determining opportunity costs will be explored in 
detail in a later section.
Screening Process
The next step in the review and evaluation procedure was a three-stage 
screening process whereby the 1448 inventoried Roadless Areas were separated
into three groups. The three groups and their characteristics were des­
cribed as follows :
"Green list - Those areas already under study and 
others that most obviously have the highest 
potential for New Study Areas.
Red list - Those that had the highest costs and
lowest potential for New Study Areas. The areas 
meeting the criteria are given the lowest pri­
ority in the remainder of the evaluation.
Yellow list - Those areas not in the Green and Red
lists were then ranked in descending priority
by five alternate criteria.
^^Ibid, p. 25-a. 
l^Ibid, p. 26-a - 27-a.
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The lists were compiled in an orderly and systematic way. An area 
was included in the Green List if it was considered among the most de­
sirable of the inventoried areas for potential Wilderness. The Green 
List was comprised of areas meeting any one of the following criteria:
"Areas already selected for New Study Area status.
Four New Study Areas in Alaska were selected in 
1970. Four other areas (and some adjacent areas) 
in Washington were designated for wilderness re­
view by the North Cascade study. Congress has 
designated certain areas for complete wilderness 
review. In addition, there are 47 roadless areas, 
contiguous to the 11 remaining Primitive Areas 
which have been, or are being, studied in connec­
tion with the Primitive Area reviews.
Areas recommended by Regional Foresters and having 
general public support of study (Public Involve­
ment Class I).
Areas recommended by Regional Foresters and having Qual­
ity Indices greater than 155 (74th percentile of the 
quality indexes of all recommended areas).
Areas that have been recommended by Regional Foresters 
and are contiguous to an established Wilderness or 
a reviewed Primitive Area.
Areas with ecosystems that are relatively uncommon in 
the National Forest System (redwood, shinnery,
Texas savanna, wet grasslands, annual grasslands,
Hawaiian grasslands, tundra, musky, heath, Aleu­
tian meadows, and desert).
Areas in the East (Regions 8 and 9) and Puerto Rico 
were included because of very low supply and very 
high demand in those Regions.
Areas that have unique characteristics that obviously 
make them highly desirable for study areas, e.g., 
habitat for rare or endangered species that require 
wilderness, or special factors that may have been 
overlooked.
The Green List includes 201 areas containing about 9.7 million 
acres.
^®Ibid, p. 27-a - 28-a.
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"The total allowable harvest impact is about 1/4 billion board feet,
and the rough estimate of opportunity costs is $223 million. The approxi-
19mate Effectiveness Index of the green list is 10.7 (million) or less
20than one half that of the existing wilderness system (25 millior). "
A cumulative Effectiveness Index as low as 10.7 million is impossible 
for areas totaling 9.7 million gross acres. That would leave a total cu­
mulative Quality Index rating of 1.1, or an average of .0000001 per areal 
The Forest Service has made an obvious error, the order of magnitude of 
which is nine decimal places.
It should also be noted here that a comparison of the cumulative 
Effectiveness Index of the Green List areas, even if the Effectiveness 
Index were correctly calculated, with that of existing areas within the 
wilderness system is less than meaningless. It would have been far more 
meaningful to compare average Effectiveness Indexes for these two groups, 
since differences in number of areas considered render cumulative totals 
useless as a means of comparing relative values of areas of one group 
with those of the other.
Any difference in "Effectiveness" between Green List areas and exis­
ting National Forest Wilderness and Primitive Areas is probably attribu­
table to size, since the average size of the latter is more than three 
times that of the former.
The Red List was comprised of areas meeting any one of the following 
criteria:
^^Parenthetical addition is mine.
ZOpoadless and Undeveloped Areas. p. 28-a, 30-a.
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"All noncontiguous areas within 25 miles of existing 
Wildernesses, Primitive Areas, large units of 
National Parks, and National Wildlife Refuges, 
and are less than 10,000 gross acres in size.
Total Opportunity Costs greater than $1 million
(73rd percentile of all such costs of all Road­
less Areas), and Quality Index less than 110 
(the 66th percentile of all Roadless Areas).
Areas with Quality Index below 80 and gross area 
less than 30,000 acres, except those more than
100 miles from existing Wildernesses, Primitive
Areas, National Parks, or National Wildlife Re­
fuges .
Areas with a commitment to nonwilderness land use
through June 30, 1973, that will reduce the area 
suitable for wilderness to less than 5,000 a c r e s . "̂ 1
The first criterion for inclusion into the Red List gives recogni­
tion, albeit in a purely arbitrary manner, to a supply phenomenon, but 
does not relate this to the corresponding demand phenomenon. The demand 
aspect, in fact, is neglected throughout the entire Impact Statement.
The Red List includes 315 areas, containing 6 million acres.
"The total effectiveness is low, 5 million, while the cost is quite
high, 809 million. The allowable timber harvest, a major cost component, 
is very high —  one half billion board feet per y e a r . " ^ 2
It is, of course, impossible that the total Effectiveness Index 
rating, 5 million, could be lower than the numerical representation of 
one of its components, the total gross acreage (6 million), unless the 
other component, total Quality Index rating, were actually less than one. 
Again, the Forest Service has made a serious error in computation of the 
Effectiveness Index —  in the order of magnitude of nine decimal places.
^^Ibid, p. 30-a.
^^Ibid, p. 32-a.
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The Yellow List is comprised of areas of "intermediate desirability," 
those 932 areas that did not fall into either the Green or Red Lists.
These areas were ranked by the five separate criteria (objectives) 
listed earlier.23
Under the Geographic Dispersion criterion, whereby all areas within 
100 miles of existing Wilderness or Primitive Areas, National Parks, or 
National Wildlife Refuges are omitted, only thirty areas remain. This is 
not surprising. In the Roadless Area Review and Evaluation this fact is 
interpreted to mean that there exists "a good distribution of existing 
Wilderness, Primitive Areas, or potential Wilderness throughout the Wes­
tern United States".24 Quite the contrary interpretation could also be 
valid. The fact that almost all roadless and undeveloped areas are within 
100 miles of preserved National Forest land says nothing about the geo­
graphical distribution of National Forests (or about the distribution of 
demand).
Only one area from the Yellow List was found to represent an eco­
system that was not already represented in either the Green List or in 
existing Wilderness and Primitive Areas.
Under the criterion whereby areas were to be located as close as 
possible to places where people live, the obvious constraints of fixity 
of location of National Forests and roadless areas were acknowledged by
23'i<hese criteria are discussed in detail on pages 32-a through 35-c 
of the Impact Statement.
24Ibid, p. 32-a.
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the Forest Service. "While 85 percent of the people live in the East,
25all but three of the Roadless Areas are in the West."
Figures 3 and 4^^ are graphical representations of Number of Areas 
and Allowable Timber Harvest Related to Gross Acres, and Cumulative Ef­
fectiveness and Opportunity Cost Related to Gross Acres, respectively.
In both Figures the Effectiveness/Cost criterion is used. Cumulative 
totals are presented, beginning with the Green List (most desirable for 
preservation), then the Yellow List (intermediate areas), and finally 
the Red List (least desirable for preservation). As mentioned previously, 
there is an obvious error in the computation of cumulative Effectiveness 
Index values. The error is quite visible in Figure 4. It is evident 
that these values were not obtained by multiplying Quality Index ratings 
by gross acres, as the Forest Service had stated earlier —  because a 
quick glance reveals that with the given cumulative gross acreage and 
given total cumulative Effectiveness, total cumulative Quality ratings 
would have to be roughly equivalent to the value of one, plus or minus a 
small fraction thereof. If in fact the Quality Index was multiplied by 
gross acreage to obtain the Effectiveness Index, then an error in excess 
of nine decimal places was made throughout.
The flattening of the number-of-areas curve in Figure 3 is explained
by the inclusion of one Region - wide roadless area of 18 million acres 
27in Alaska.
^^Ibid, p. 35-a.
^Gpigures 3 and 4 are reproduced directly from p. 38-a and 37-a, 
respectively, of Roadless and Undeveloped Areas.
2?The curve should be horizontal from 32 million to 50 million 
gross acres; there is an obvious error in plotting in Figure 3.
Figure 3. Number of Areas and Allowable
Timber Harvest Related to Gross 
Acres
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Figure 4. Cumulative Effectiveness and 
Opportunity Cost Related to 
Gross Acres
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In Figure 4 the flattening of the total Effectiveness curve between 
32 and 50 million gross acres is explained by the omission from considera­
tion of the 18 million acre roadless area in Alaska. The reason for the 
omission is given as: "It was considered infeasible to determine a mean­
ingful Quality Index for such a large area".^® Apparently, however, it 
was not considered infeasible to determine a meaningful opportunity cost 
for such a large area, an opportunity cost, incidentally, that seems un­
usually high considering the relative inaccessibility of the area. It 
would be very expensive to harvest timber there.
Even if it were infeasible to determine a meaningful Quality Index 
for such a large area, it would not be infeasible to construct a meaning­
ful Effectiveness Index. Obviously, with a gross acreage of such a mag­
nitude as 18 million, size would be vastly more significant than Quality.
Assuming for the sake of argument a Quality Index rating of "one"
(in order to meaningfully compare the area to all the others that are 
erroneously plotted in Figure 4), the Effectiveness Index rating would 
be 18 million. This hypothetical example is plotted in Figure 5 to show 
the probable relationship between the Alaskan area and all other areas. 
Figure 6 shows the data from Figure 5 plotted on semi-log paper to il­
lustrate rate of change in the dependent varicüDles.
Marginal Analysis
A selection of proposed New Study Areas was made by the Chief of the 
Forest Service in December 1972, after a careful review of the analysis
28Roadless and Undeveloped Areas, p. 36-a.
Figure 5. Cumulative Effectiveness and Oppor­
tunity Cost Related to Gross Acres 
(with Effectiveness for Alaskan 
Area Plotted)
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presented by the appointed interdisciplinary team. It was decided that 
the Green List and Red List were useful in the decision-making process, 
but that the Yellow List was not. This is because "no rationale could 
be found for deciding where to cut off the list. Meaningful quantitative
29information on the total need or demand for Wilderness was not available."
Of course, the unavailability of meaningful quantitative information 
on the total need or demand for Wilderness did not deter the interdisci­
plinary team from reaching a decision on criteria to use for assigning the 
areas to a list in the first placeI The determination of the lists them­
selves was quite arbitrary. It would appear no more perplexing to find a 
rationale for deciding where to cut off the Yellow List than it would be 
for deciding what to include in the List initiallyI
Perhaps the use of marginal analysis would have been helpful in es­
tablishing a cut-off point for New Study Areas in the Yellow List, if 
indeed any cut-off point is justified. Perhaps the entire List should be 
included as New Study Areas; or excluded.
Marginal analysis can be used in a number of ways to determine limits 
of inclusion. One way is to compare arithmetically the changes in the 
respective dependent variables of two alternative management options.
Using the data from Figure 5 as an example, it can be seen that successive 
incremental additions of acreage yield a changing flow of benefits from 
wilderness, the value of which is expressed by the Effectiveness Index; 
and from development, the value of which is set forth in dollar terms as
2QIbid, p. 39-a.
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opportunity costs. Perhaps a consensus can be reached on trade-off 
values: X number of dollars for y units of wilderness "effectiveness"
or 2 units of wilderness quality.
To use the concept of marginal analysis it would first be preferable 
to rank areas in descending order on the basis of net effectiveness (dif­
ference between Effectiveness and Total Opportunity Cost). This has been 
done for the Yellow List, up to the point of inclusion of the Alaskan area
The first increment, say 5.3 million acres (the increment from 9.7 to 
15 million acres in Figure 5), embodies approximately 7 million units of 
effectiveness and $20 million of opportunity cost; or put another way, 
amounts to $2.85 per unit of wilderness effectiveness. The next 5 million 
acre increment, encompassing the areas between the 15 and 20 million gross 
acre marks, includes 5 million units of effectiveness at a total cost of 
$80 million, or $16.00 per unit of effectiveness. For the next 5 million 
acres, 20 to 25 million, there is an increase in the Effectiveness Index 
of another 5 million units at a cost of $120 million, or $24.00 per unit 
of effectiveness. Taking the succeeding increment, 7 million acres this 
time (to approach the final 18 million acre Alaskan area), there is an 
added effectiveness of 8 million units at a cost of $440 million, or 
$55.00 per unit of effectiveness. The Alaskan area presents an effec­
tiveness rating of 18 million units at a cost of $840 million (an oppor­
tunity cost very much open to question), or $46.67 per unit.
Placing a per unit cost on "effectiveness", or any unit of wilder­
ness benefits, appears meaningless on the surface. However, here is 
where marginal analysis is useful. It is not the actual total cumulative
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dollar cost or even the per unit cost that is of significance; rather it 
is the net incremental change of the variables that is of usefulness to 
the analyst. Each successive addition of acreage can be appraised in 
terms of augmentation of net benefits or net costs.
To some, an even more useful tool of marginal analysis is that of 
rate of incremental change of dependent variables. The data from Figure 
5 is plotted on semi-log paper in Figure 6 to show this. It cam be clearly 
seen that benefits of wilderness are increasing at a greater rate than op­
portunity costs from the level of 9.7 million acres, the initial point of 
the Yellow List, to about 20 million acres. At that point opportunity 
costs begin increasing at a more rapid rate than effectiveness. This 
change becomes more pronounced after the 25 million acre mark.
In conclusion, the rate analysis suggests that the increment between 
9.7 million and 20 million acres should be included in the New Study Area 
list, while the increment beyond 25 million perhaps should not. Thus, the 
cut-off point should be between 20 and 25 million acres on the Yellow List. 
The arithmetic analysis more or less reinforces this conclusion, showing 
costs rising slowly relative to effectiveness up to the 20 million acre 
mark and accelerating rapidly relative to effectiveness after 25 million 
acres.
It should be remembered that marginal analysis is simply a mathema­
tical tool used by economists. Obviously, absolute values should be care­
fully reviewed. It may be determined, after all, that the absolute ef­
fectiveness value for the entire Yellow List is not sufficient to offset 
the total cumulative opportunity costs.
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Criteria for Ranking
The Forest Service considered ranking the inventoried Roadless and 
Undeveloped Areas by criteria other than Effectiveness/Cost. The idea 
was to compare under each of the criteria the benefits and costs of the 
cumulative totals at the 15 million acre point. The Geographic Disper­
sion criterion was discarded due to the fact that only thirty areas 
totaling 10 million acres met the criterion. The Ecosystem Representation 
criterion was discarded because : "It was felt that the Research Natural
Area System adequately achieves the purpose of representing undisturbed 
ecosystems for scientific and educational p u r p o s e s ( T h a t  is a highly 
debatable point.) The Effectiveness-Population/Cost criterion was dis­
regarded because: "It was felt that this criterion overemphasized the 
recreation purposes of Wilderness Areas. One of the key problems was that
areas ranking high according to this criterion also offer the better op-
31portunities to meet intensively developed recreation needs". But why 
not use some of the 130 million (or so) roaded acres of National Forest 
to meet intensively developed recreation needs? Why not use roads in 
roaded areas instead of building roads in unroaded areas?
It was decided that the Effectiveness/Cost criterion should be re­
tained as the standard of measurement. It was also decided that public 
involvement. Quality Index, and Regional Foresters' recommendations not 
included in the Green List should be given more careful consideration.
^^Ibid, p. 42-a. 
^^Ibid, p. 42-a.
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The final list of proposed New Study Areas was compiled on the basis 
of the preceding analysis. Six areas on the Green List representing un­
common ecosystems were stricken from the New Study Area List on the grounds 
that these ecosystems were more adequately and appropriately represented 
under other programs. Twenty-seven areas recommended by Regional Foresters 
but not included in the Green List were added to the New Study Area pro­
posal. Then one area which met the qualifications of simultaneously hav­
ing a Quality Index rating greater than 155 (upper decile of all roadless 
areas), an Effectiveness/Cost Index greater than 100^^ (upper quartile 
of all Roadless Areas), and a Public Involvement code of I (general pub­
lic support in favor of New Study Areas)was added. Eight areas with a 
Quality Index greater than 155, an Effectiveness/Cost Index of 100 or 
l e s s ,34 and a Public Involvement code not of II (general support against 
New Study Area status) were also i n c l u d e d . 35
The final New Study Area List contains 235 areas with 11 million 
acres.35
33how the Effectiveness/Cost Index was determined remains a 
mystery,
35how this code was established is not given.
34?he reason for this is not explained. It must be an error. The 
word "more" was obviously intended.
35poadless and Undeveloped Areas. p. 47-a.
35ibid, p. 42-a - 47-a.
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Opportunity Cost Analysis
The interdisciplinary team appointed by the Chief compiled oppor­
tunity cost data for all the inventoried Roadless and Undeveloped Areas, 
The objective and method of determining these opportunity costs was 
stated as follows :
"Total opportunity costs as used in RARE (Roadless Area 
Review and E v a l u a t i o n ) ^ ?  analysis are intended to give 
a relative index for comparison of the economic values 
foregone if a Roadless Area were designated a New Study 
Area and eventually classified as a Wilderness. There 
are two implied general alternatives —  development by 
man and preservation as Wilderness.
Development is restricted to those opportunities which 
have been clearly identified, plamned, and in some 
cases executed. The general costing assumptions were 
to use 1970 values and/or prices and to discount all 
values to that point in time. Competitive market con­
ditions were presumed to predominate. Fair market 
value, exchange prices, bid prices, and net present 
worth of future net income streams were considered 
synonomous and additive.
The following cost components were included in total 
opportunity costs:
1. Timber value
2. Replacements of Special Use Improvements
3. Mineral Right Values on Public Land
4. Water Development Project Net Values
5. Extra Land Acquisition Costs for Private 
Inholdings
6. Wilderness Study and Establishment Costs
7. Additional Operation and Maintenance Costs."^8
There were four cost components that were omitted, and therefore 
given a value of zero: recreation, livestock forage, wildlife-, and
unknown future land use alternatives.
^^Parenthetical expression is mine.
^Bporest Service letter, designated 2320 Roadless Area Review, March 
30, 1973 (in reply to Sierra Club Legal Defense Fund Letter of March 26, 
1973). p .  2.
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The interdisciplinary team's method of deriving the present net 
worth of timber values is of questionable validity, to say the least.
The following formula was used:^^
"TV = a (P + RD - MC)(AAH) - b (RD Cost x CFL/acre)", where
30
"TV = Timber Value of Roadless Area in net present worth 
a = Present worth discount factor for perpetual series 
at 5 percent (20.00)
P = Average experienced high bid stumpage price for the 
National Forest in which Roadless Area located for 
FY 1969-71 period 
RD = Average system and road development costs per unit
timber harvest for National Forest in which Roadless 
Area located
MC = Management costs per unit timber harvest for Forest 
Service region in which Roadless Area located 
AAH= Estimated annual allowable timber harvest of Roadless 
Area in thousands of board feet local scale 
b = Present worth discount factor for 30 years at 7 
percent (12.40904)
RD Cost = Estimated road construction costs for the Road­
less Area under similar type of management as ex­
perienced in recent past. The construction costs 
were divided by 30 years to estimate average annual 
cost, corresponding to the approximate period of 
time before all Roadless Areas could be developed 
CFL/A = Proportion of Roadless Area occupied by Commercial
Forest land (growth potential 20 cubic feet per year)."^^
The Forest Service uses a discount factor of 7 percent throughout the 
opportunity cost analysis, but does not satisfactorily justify this rate.
^^Ibid, p. 2.
40The following formula was used to obtain the value 12.40904: 
V^ = a (1 + i)^ -1, where a = 1, i = .07, and n = 30. 
i (1 + i)^
^^Forest Service letter, p. 2-3.
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In all fairness it would be appropriate to remark that there do exist 
several generally accepted criteria upon which a discount rate can be 
based and upon which a 7 percent rate could conceivably be justified.^2 
One is the "alternative rate of return" criterion. Here, the rate of 
return on the next best alternative investment is used as the discount 
rate. In the case of public timber investment that rate of return may be 
difficult to determine. Another criterion is the cost of borrowing money 
for the particular venture in question. For public investment that would 
be the yield on Treasury securities, currently ranging from about 5 3/4 
to 7 p e r c e n t . ,por a similar investment in the private sector the rate 
would in nearly all cases be greater than the "prime" lending rate of 
banks, which is currently 7 p e r c e n t . 44 id. fact, to borrow money for a 
timber growing venture may well cost 8 or 9 percent or more, based upon 
current lending rates and historically low compounded annual rates of re­
turn for timber producers. A third criterion is the so-called guiding rate 
of interest, generally thought of as a historically determined rate of re­
turn on the particular investment in question. For timber growing it 
would be considerably less than 7 percent. A fourth is the market criter­
ion, a criterion based upon bond yields and/or dividends plus annual capi­
tal appreciation of common stocks. Judging by market performance of the 
past decade, 7 percent is a good approximation for either standard, return
4^The criteria listed are taken from class notes in Forestry 401, 
on January 27, 1972. My interpretation follows each.
4^As of May 15, 1973.
44As of May 15, 1973.
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on stocks or bonds. Over the longer term 9 percent may be a better ap­
proximation of return on common stocks, 5 percent on bonds. A fifth cri­
terion is the investor's personal time preference rate; in simple terms, 
what an investor demands. This rate of return is determined very largely
by both risk and inflation expectations. A sixth choice is that of an
arbitrary interest rate, derived by ordinally ranking alternative manage­
ment schemes.
The sole justification given by the Forest Service for choosing a 
rate of 7 percent was that it is the recommendation of "the latest version 
of proposed Water Resource Council land and water planning standards".^5 
Although the Water Resource Council in fact uses a 7 percent discount rate, 
it does so only after having negotiated that rate with the Office of Manage­
ment and Budget. The Office of Management and Budget recommends a discount 
rate of ^  percent for all other federal programs; and in fact even tried
to negotiate that rate for federal water projects
It should be noted that the mere increase from 7 percent to 10 percent 
in the discount rate would reduce the present worth discount factor for the 
perpetual series used by the Forest Service in computation of timber value 
from 20.00 to 12,50, or by 37 1/2 percent.
It has been convincingly argued by others^? that since the discount 
rate for public investment should represent an opportunity cost before
^^Forest Service letter, p. 3.
46Personal letter from John V. Krutilla, dated May 31, 1973.
^^William J. Baumol, "On the Social Rate of Discount", The American 
Economic Review, LVIII (September, 1968), pp. 788-802.
J. A. Seagraves, "More on the Social Rate of Discount", The Quar­
terly Journal of Economics, LXXXIV (August, 1970), pp. 430-450.
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taxes, this discount rate should actually be twice what has heretofore 
been used by government.4 8
In the "timber value" formula the "a" v a r i a b l e , 49 the present worth 
discount factor for a perpetual series at 5 percent, was used "to re­
flect an estimated 2 percent per year increase in real prices of timber 
stumpage relative to the prices of all other goods and services". 0̂ 
The method of selecting 2 percent as an estimated annual rate of increase 
was not disclosed.
If there is any distinguishing feature characterizing the movement 
of stumpage prices, both in the short and long run, it is inconsistency 
and volatility. Figures 7, 8, and 9 show the movement of stumpage prices, 
both in current dollars and 1967 dollars, for three selected species: 
Douglas-Fir, Ponderosa Pine, and Western Hemlock, r e s p e c t i v e l y . Prices
Assuming a currently used discount rate of say, 6 percent (re­
presenting perhaps the cost of government borrowing), and a corporate 
tax rate of 50 percent; then the appropriate discount rate should be 12 
percent, since 12 percent represents the 6 percent rate before taxes.
This is the salient part of the considerably more complex analysis done 
by Baumol and Seagraves in separate studies,
^^The "a" variable, annual benefits, was derived by simply subtracting
discount rate
.02 (the assumed annual stuir̂ age value increase) from .07 (the discount 
rate) and dividing the result into $1. The total was multiplied by the 
"AAH" variable, representing annual allowable harvest, to reflect the true 
annual stream of discounted benefits.
SOporest Service letter, p. 3.
^^U.S. Department of Agriculture, Forest Service, The Demand and 
Price Situation for Forest Products 1971-72 (miscellaneous publication 
no. 1231, July 1972, p. 44).
Figure 7. Average Stumpage Prices for Coastal 
Region Douglas Fir Sawtimber Sold 
From National Forests 1950-1971
35
80
70
$ Per 
MBF 1967 Dollars
Current Dollars
60
Regression Line is for 1967 Dollars
50
40
30
Slope = 1.486
—  \
704580
20
.496432
Compounded Annual Increase
10
1950 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 7u 71
Years
36
Figure 8. Average Stumpage Prices for California 
Region Ponderosa Pine Sawtimber Sold 
From National Forests 1950-1971
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Figure 9. Average Stumpage Prices for Pacific 
Northwest Region Western Hemlock 
Sawtimber Sold from National Forests 
1950-1971
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for Douglas-Fir and Ponderosa Pine are for the period 1950 through 1971;
Western Hemlock for the years 1958 through 1971.52
Figure 7 shows a very uneven but clear upward trend in Douglas-Fir 
stumpage prices for the stated period. The slope of the regression line,
representing an average annual increase of $1.49 in real price and equi­
valent to a compounded annual increase in rate of approximately 4.5 per­
cent, is significantly positive. The Index of Determination, r^ , equals 
.496432; and the Correlation Coefficient, r, equals .704580. Both indi­
cate a fairly high degree of correlation between the independent variable, 
time, and the dependent variable, real stumpage price.
The corresponding data from Figure 8 reveals an entirely different 
trend in stumpage prices. Here, the slope of the regression line totals 
only .165, representing an annual increase of 16 1/2*, or a compounded an­
nual rate of increase of less than 1/4 of 1 percent. As can be clearly 
seen, the year to year price fluctuations are extreme and unpredictable.
In fact, there is probably no correlation at all between time and stumpage 
price for Ponderosa Pine. The Index of Determination amounts to only 
.009662, the Correlation Coefficient, .098297; both orders of magnitude 
are far too small to indicate the existence of correlation.
5^a11 prices are averages for sawtimber sold from the National Forests. 
The Douglas-Fir prices graphed were those received from sales in Western 
Oregon and Western Washington, which include the best sawtimber growing 
sites in the Nation. Average Douglas-Fir prices for the years 1950-6 in­
clude Bureau of Land Management timber sales. The Western Hemlock prices 
are those for the Pacific Northwest Region, characterized by excellent 
growing sites throughout; the prices for years prior to 1958 Eire not readily 
available for Western Hemlock. The prices of Ponderosa Pine are those of 
the California Region, typified by excellent pine sites.
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The regression line of Figure 9 slopes sharply upward at approxi­
mately $1.70 per year from a relatively low base. The low base and high 
slope account for the fact that the compounded yearly rate of increase 
in real stumpage price is in excess of 8 percent. The r^ value is .501231, 
the r value, .707977; both indicating a fairly high degree of correlation 
between time and price.
Several firm conclusions can be drawn from the graphical presentation 
of stumpage price data described above. First, there has been great var­
iation in average rate of compounded annual increase between the three 
species. Second, there have been very large yearly fluctuations in price 
in all three species, fluctuations that have occurred in the absence of 
cataclysmic economic events. Third, the degree of correlation between 
time and price is almost nil in Ponderosa Pine and only fairly good in 
the other two species. All this would seem to indicate that it is diffi­
cult to estimate with any precision the future average compounded annual 
rate of increase in stumpage prices for any single species, much less for 
all merchantable species combined!
The preceding analysis would seem to indicate that real stumpage 
prices are increasing at a compounded annual rate sufficiently high to 
make the Forest Service's 2 percent estimated rate appear conservative —  
had the Forest Service not asserted that this 2 percent rate was " . . .  
relative to the prices of all other goods and services". The real prices 
of most other goods and services also show an upward trend.
Actually, it is difficult to understand why stumpage prices were 
adjusted to eliminate the effects of inflation in the first place; no 
other variable in the equation was so adjusted.
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The next variable in the "timber value" formula, the "P" variable, 
representing the average experienced high bid stumpage price in the fis­
cal 1969-71 period for timber on the National Forest in which the roadless 
area in question is located, appears to grossly overstate the probable 
worth of old growth timber in unroaded and undeveloped areas. That tim­
ber, unlike timber already harvested, is probably of marginal value; 
otherwise, it would have been harvested by now. An assumption here is 
that the Forest Service sells timber in descending order of value ; harves­
ting the highest quality and most easily accessible old growth timber on 
the best growing sites first. To do otherwise would be economically ir­
rational, since the highest return on timber investment is earned by 
liquidating the best old growth and getting highly productive growing 
sites into intensive management. The standing old growth timber that 
characterizes the remaining unclassified roadless and undeveloped areas 
is probably either of low density, of high cost to harvest, and/or of 
low commercial value. To assign a price to this timber equivalent to the 
average high bid price of timber harvested several years ago is to assume 
that the Forest Service has acted irrationally in the past by liquidating 
old growth of other than highest net value.
A more accurate approximation of stumpage value in the presently un­
roaded areas could be obtained by taking the average high bid stumpage 
price for timber in similar type areas(e.g., other high country areas with 
sparse timber —  if sparsely timbered high country is the distinguishing 
characteristic of the old growth considered), rather than very dissimilar 
areas on the same National Forest. Growing sites within a National Forest 
often differ radically in productivity.
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The choice of fiscal 1969-71 as a base period appears arbitrary and 
unscientific. Although these three years were probably the latest for 
which data was available, nonetheless they were highly atypical for the 
timber market, having been characterized by an unusual volatility in 
stumpage prices. Referring back to Figures 7, 8, and 9, it can be seen 
that the prices for these selected years deviate significantly, especially 
in Ponderosa Pine, from the twenty-two year trend line. Perhaps a more 
accurate representation of a base price from which to compute present net 
worth would have been the average price indicated by the regression lines 
of all commercial species sold from National Forest land in the latest 
year for which comprehensive data is available.
The "RD" variable, representing average system and road development 
costs per unit timber harvest for the National Forest in which the road­
less area in question is located, is a rather confusing and controversial 
component of "timber value" in the formula. One can only assume that no 
road value (cost) is incorporated into the "P" variable —  that all road 
costs have been subtracted from stumpage bid price to yield the "P" value 
used in the Forest Service's formula. Only then could the addition of 
the "RD" value possibly be justified.
The Forest Service equates road value with road cost, an exercise in 
economic gymnastics that may be grounded on sound principles —  provided 
certain conditions exist. The value of any product is largely governed 
by its cost of production, but for cost of production to reflect true 
value it is necessary that at least some competitive conditions exist so 
that there will be a powerful incentive to hold down costs to a minimum. 
Otherwise, waste and inefficiency will too often enter the "value" of a
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product. Since there does exist competitive bidding for road contracts, 
it would seem that cost of production is a good indicator of road value
on National Forest timber land. Of course, the construction industry is
not noted for its efficiency and productivity; but a discussion of market 
imperfections is beyond the scope of this paper.
Roads are considered as both a capital asset and as a cost of produc­
tion for the timber harvest, through the somewhat recondite and perplexing 
mathematical formula used by the Forest Service, The method is described 
as follows:
"Average regional road costs were added to stumpage
prices and then actual estimated road costs were sub­
tracted under the assumption that the cost of roading
the remaining roadless areas may be higher, or at best 
different, than recently experienced road costs. Gen­
erally these areas which have not yet been roaded tend 
to be the more costly and difficult c h a n c e s . "^3
There are serious flaws in the above analysis. For one, even if 
(presumably current) average regional road costs ("RD") may be assumed 
to be representative of hypothetical road values, it is by no means valid 
to also assume that these same road values appreciate in real terms at 
the same rate as stumpage prices, 2 percent. Yet that is exactly what 
the formula shows. The "a" variable, representing the present worth dis­
count factor, has been reduced by 2 percent to reflect the per year in­
crease in real prices of timber stumpage. However, this factor is multi­
plied by not only a base period stumpage price, but also some base period 
average road construction cost less base period management cost.54 &
53porest Service letter, p. 3.
^^Neither the components of management cost nor the methods of cal­
culating this cost were explained by the Forest Service.
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more scientific method of calculating the capital asset value of roads
certainly could have been devised.
Another flaw in the formula lies in the implicit assumption that 
the estimated road construction costs for the roadless areas will remain 
constant over a thirty year period. Perhaps an average annual increase 
has been incorporated into the "RDCOST" variable in the equation, but no 
mention has been made of such an adjustment.
The most serious flaw of all in the formula, concerning roads, is
in the reduction of estimated road construction costs "by the proportion 
of commercial forest land acres to gross acres on the assumption that the 
difference would be attributable to other road benefits such as recrea­
tion, range, and fire control".For one, the proportion of commercial 
forest land acres to gross acres bears not even the most remote statisti­
cal relationship to the other road benefits listed, or to any other road 
benefits. Secondly, if other road benefits are considered, other road 
costs should be too; costs such as aesthetic depredations, erosion damage, 
watershed damage, stre^ siltation, and elimination of the possibility for 
use of the land for primitive-type recreation. The "CFL/A" variable, in­
cluded in the formula to adjust road costs, appears totally arbitrary and 
without foundation, statistical or otherwise. Furthermore, the growth po­
tential of twenty cubic feet per year is characteristic of very marginal 
timber land. It is doubtful whether timber growing sites of such low 
quality should even be classified "commercial".
SSporest Service letter, p. 3.
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To account for road maintenance the Forest Service explained:
"Since maintenance of roads is a normal cost com­
ponent of timber harvesting such costs are reflected 
in the stumpage prices used. It was assumed that such 
implied road maintenance costs will retain roads per­
petually.
One consideration that was noticeably missing from the timber value 
equation was some allowance for (or at least mention of) future techno­
logical advance. Since technological advance has the effect of expanding 
the total resource base, thus making substitutes available; and of increas­
ing productive efficiency, thus allowing for perhaps a utilization of what 
had formerly been residue; this advance in technology could likely have a 
profound effect on future stumpage prices —  these prices may not increase 
at a compounded annual rate of 2 percent in perpetuity.
Of course, it may be argued that technological advance (or stagna­
tion) is already reflected in real stumpage prices. The annual rise in 
these prices may in part be due to a lagging technology in the industry 
that has not effected an increase in supply —  through utilization of 
residues such as branches and tops —  to keep pace with rising demand.
Other opportunity costs in addition to timber were included in quan­
titative terms. Among these were mineral values. On that subject the 
following analysis appears for the most part objective and equitable; only 
the conclusion seems contradictory:
^^Ibid, p. 3.
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"Valuation is complicated by the fact that the 
Wilderness Act makes special provision for mining.
Mining can be carried out under the general mining 
laws of the U.S. on all wildernesses where such rights 
have been established before December 31, 1983. All 
mineral rights, except those already established, will 
be withdrawn from appropriation on January 1, 1984.
Thus, with designation as New Study Area or even­
tually as Wilderness, mineral extraction need not be 
foregone. The costs of extraction will be higher then 
normal, presumably because of the higher than average 
restoration and environmental protection standards, and 
because of expected litigation costs to assert and de­
fend mining rights.
We can assume that those areas inventoried as un­
roaded have no significant active mining. Mining usually 
requires roads.
From an economic standpoint, it seems likely that, 
with existing knowledge, any known mineral deposits 
in Roadless Areas have a lower current net value than 
any actively mined deposits. Otherwise, they would be 
active. (Couldn't the same conclusion be reached con­
cerning timber?)From a national standpoint, the cur­
rent opportunity cost of completely foregoing mining at 
the present time must be near zero in the Roadless Areas.
However, as currently active deposits are depleted, 
the marginal value of undeveloped deposits in Roadless 
Areas will likely rise. Minerals are a "stock" re­
source or non-renewable resource. The future values 
may well be positive, for some mineral deposits, in 
some roadless areas. Technological advances, especial­
ly mineral recycling technology, may partially affect 
depletion.
Information on the existence, amount, or quality of 
mineral deposits is very poor; at least it is very spotty. 
The information on valuation is even poorer. The costs 
of identifying areas with mineral potential is very high.
57Question in parenthesis is mine.
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Mineral values were included in total opportunity costs 
only if the mineral deposit was known amd a market value of 
the mineral rights could reasonably be estimated by Regional 
land appraisal and mineral experts. The mineral value was 
roughly estimated at the current market value of mineral 
rights (as if the rights were privately owned and traded in 
an open market). Such estimates were available for very few 
Roadless Areas."̂ 8
But why were opportunity costs of minerals included? It is expli­
citly mentioned in the first paragraph of the preceding statement that 
the Wilderness Act makes special provision for mining. Therefore, 
mining would not be an opportunity foregone by Wilderness classification.
Another quantified opportunity cost consisted of "special use values" 
This component of the total was included, on an unadjusted basis, to re­
flect directly the present cost of removing special use improvements if 
the area were to be designated as Wilderness. 9̂
Another cost was "water development project net values".
"While water development projects such as canals 
and dams can be permitted in Wilderness Areas by Pre­
sidential approval, the assumption for this analysis was 
that New Study Area designation would likely preclude 
such development. Political pressures would preclude 
any development, even if there were legal means to obtain 
construction approval.
The net present worth of projects already planned 
and studied were included in total opportunity costs". 0̂
The "net present worth was approximated by discounting a 50 year 
stream of net annual benefits at a 7 percent discount rate".^^
SBporest Service letter, p. 4. 
S^ibid, p. 4.
GOibid, p. 5.
61Ibid, p. 5.
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The preceding methodology certainly appears reasonable.
Private land acquisition cost was another component of total oppor­
tunity costs. This component was based upon the amount of privately 
held land within Roadless Areas that was not already in the highest pri­
ority purchase category. Thus, only the marginal cost of New Study Area 
designation was m e a s u r e d . ^2 Again, the methodology is sound.
"Establishment costs" and "operation and maintenance costs" were 
the final two components of total opportunity costs. They were estimated 
by the Division of Recreation to be "$l/acre for Forest Service study, re­
view, and classification",G3 and "$l/acre for U.S. Geological Surveys as 
required by the Wilderness A c t " f o r  a total of $2 per acre. Annual 
operation and maintenance costs were estimated to be "$1.50 per visitor 
per day or 50* per acre per year. Allowing an estimated 10* per acre per 
year for existing O and M with no special status gave a net additional 
cost of 40* per acre per year."^^
"Discounting this annual cost as a perpetual series at 7 percent gave 
a present value cost per acre of $5.71 which was rounded to $6/acre."^^
G2%bid, p. 5.
G^ibid, p. 5.
G^ibid, p. 6.
G^ibid, p. 6.
G^The rounding of $5.71 per acre to $6.00 per acre appears to be a 
sensible mathematical convenience of little significance. However, the 
rounding adds more than 5 percent to the per acre operation and mainte­
nance costs. Stated another way, it adds over $16 million to total op­
portunity costs for all inventoried roadless and undeveloped areas.
CHAPTER III
SUMMARY
The costs of opportunities foregone by preservation have been quite 
thoroughly presented; but what of the costs of opportunities foregone 
(usually permanently) by development? Scant attention has been directed 
by the Forest Service toward the latter and no analysis has been forth­
coming. The Forest Service "Roadless Area Review and Evaluation" is in­
complete in this respect.
Of what benefit is the Roadless Area Review and Evaluation in aiding 
the Forest Service to more nearly attain its primary normative objective? 
Although this Roadless Area Review and Evaluation contains some flaws in 
methodology, some arbitrariness in the choice and magnitudes of variables, 
some inaccuracies in data presentation, some mistakes in reasoning, and 
a few economic solecisms, nonetheless it could be a useful analytic tool. 
Although the allocation of public resources must ultimately be determined 
by political decision, nonetheless an economic analysis is useful as a 
means of ccmparing and contrasting management alternatives for the purpose 
of determining relative worth. Done thoroughly and correctly, such an 
economic analysis can significantly aid a public agency toward meeting its 
normative objective. So, with some modification, the Roadless Area Re­
view and Evaluation could be a valuable tool for Forest Service policy­
making .
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